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Pelophylax esculentus is an interspecies hybrid of marsh frog P. ridibundus and pool frog P. lessonae. The hybrids
are usually presented by diploid and triploid forms, and coexist and crossbreed with one or both parental species in the
hemiclonal population systems (HPS). Siverskyi Donets river basin is known for its diversity of HPS and was described
as Siverskyi Donets center of water frogs diversity. Three subregions were described within it based on the HPS compo-
sition features (diploid R-E, triploid-containing R-E-Ep and R-Epf with triploid females only among hybrids). The pres-
ence of triploid P. esculentus was earlier confirmed only for two of three subregions of the Siverskyi Donets river basin,
while the third, R-E subregion (including Mozh river) was thought to be inhabited by only diploids. Here we present the
results of analysis on ploidy and genome composition of both adult and juvenile water frogs in a pond in the Tymchenky
village (Mozh river basin, Kharkiv region, Ukraine). Three samples of frogs were collected in September 2019, June
2020, and August 2021 (109 adults and 56 juveniles in total) and analyzed using microscopic erythrocyte cytometry (dry
smears), karyology of bone marrow, fluorescent staining (with DAPI) and analysis of morphological features. We iden-
tified 2 triploid males among adults and 5 triploids of both sexes among juveniles. The overall triploid ratio between ages
changed drastically (9% among juveniles vs 1% among adults), but insignificantly (p=0.078). The erythrocyte size indi-
cating margin between adult di- and triploids was established as 28 um for this system; for juveniles such margin is quite
unclear. All triploids had genome composition LLR (i.e. two genomes of P. lessonae and one genome of P. ridibundus).
By the majority of diploid P. esculentus and the presence of triploids, Tymchenky system appeared similar to some HPSs
(Koriakiv, Iskiv systems) in other subregions, known for triploid presence. The presence of triploids, contrary to previous
data on this region, may be explained by several hypotheses: (1) rare observation of triploids; (2) migration of either
triploids or P. esculentus producing 2n-gametes; (3) a newly evolved feature of local P. esculentus reproduction.
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INTRODUCTION LR, and a mixt of several types), all members
European edible frog (Pelophylax esculentus of population systems are involved in the
L., 1758), a hybrid of pool frog (Pelophylax reproduction of each other, and each system
lessonae Camerano, 1882) and marsh frog evolves as a whole.

(Pelophylax ridibundus Pallas, 1771), is well- Previous studies on hemiclonal popu-
known by the phenomenon of hemiclonal lation systems in Eastern Ukraine resulted in a
reproduction [6-8; 11; 12; 18; 25]. It means description of Siverskyi Donets center of water
transmitting parental genome(s) clonally, with frogs diversity — the region with a huge variety
hybrids reproducing in crosses with parental of population system types along with the
species or between each other. P. esculentus paradoxical absence of pool frogs [e. g. 2; 5; 8;
typically coexist with one or both parental 9]. All the variety of population systems were
species in mixed populations, which are called classified according to their composition and,
hemiclonal/hybridogenetic population systems thus, evolutionary peculiarities: 1) R-E-HPS —
(HPS) [e. g. 11; 14; 18; 19; 21; 23; 24]. systems with marsh frog (denoted by R) and
Considering the variety of gametes that 2n-hybrids (E); 2) R-E-Ep-HPS — similar
hybrids can possibly produce (L, R, LL, RR, systems, but with 3n-polyploids too (Ep); 3) R-
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Epf-HPS — systems with marsh frogs and only
triploid female hybrids (Epf) (Fig. 1). The
whole diversity of the center is considered to
be associated with the biggest R-E-Ep
subregion, occupying the forest-steppe area of
Siverskyi Donets drainage. North-western Si-
verskyi Donets tributaries and its downstream
belong to different and simpler subregions: R-
E and R-Epf respectively. The geographic
distribution of these subregions supposedly
reflects the evolutionary ways within the
diversity center [21].
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Since the evolution of water frogs
appears connected to population system
distribution, any shifts of existing sub-regions
are especially interesting. Hereafter we report
the early unknown R-E-Ep system (beyond the
R-E-Ep subregion) in the Mozh River basin,
revealed during annual water frogs monitoring.
This area was assigned to the R-E (diploid)
region due to morphology, DNA-cytometry
(2010-2012 vyears, in collaboration with S.
Litvinchuk and Yu. M. Rosanov [22]), and
karyology (2016-2018) analyses [2; our not
published data], performed on the set of small
samples of hybrid individuals.
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Fig. 1. Previously described Siverskyi Donets diversity center typology and registered new locality
of “triploid-inhabited” HPS (red star). The map was taken from [21] with modifications.

MATERIALS AND METHODS

Three samples of frogs were collected in
September 2019, June 2020, and August 2021
in the spring-fed artificial pond (30%35 m),
situated on the sand terrace of Mozh River
(Tymchenky village, Kharkiv region, Ukraine;
49.7492, 36.1629). Frogs were hand-caught at
night using a flashlight. Taxonomical and sex
identification for adults was carried out by
external morphology [18; 22; 23]. Juvenile
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morphology is not reliable enough, so their
species identification was only preliminary,
and sex was identified by gonadal morphology
[13]. SVL (snout-vent length) was measured
for all individuals using calipers. Ploidy was
roughly estimated by the average erythrocyte
size measured on dry blood smears [4; 17]. For
all the juveniles and adults with the biggest
erythrocytes, karyological analysis of intestine
epithelium and bone marrow was performed [3
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with modifications]. We identified ploidy by
mitotic chromosome number: 2n=26, 3n=39.
Genome composition of triploid hybrids was
established using DAPI-staining (combined
method of [16] and [20] with modifications).
All slides were inspected using a Leica DM
2000 microscope equipped with standard
fluorescence filter sets (for fluorescently
stained slides we used “DAPI 390 filter cube).
Microphotographs were captured with a Leica
DFC3000 G camera using Leica LASX
Software. To compare different metrics
between groups, a non-parametric Mann-
Whitney U-test was used; to compare the

RESULTS

The total individuals caught were 109 adults
and 56 juveniles; species, sex, and ploidy
distribution are presented in Table 1. The
sample of the 2019 year was taken in autumn
and consisted of juveniles only; the sample of
the 2020 year was taken during the breeding
season and thus contained only adults; the
sample of the 2021 year was taken in late
summer so had both ages.

distributions of different forms between ages
or systems the Chi-square test was applied.
Statistical and descriptive analysis was
performed using R.

Pelophylax species are not listed in the
Red Data Book of Ukraine and listed by the
IUCN Red list as “least concerned”. All
specimens were collected in the region of
Ukraine, which is not considered a protected
area. Techniques used in the capture, tissue
sampling, and euthanasia sought to minimize
animal suffering according to Directive
2010/63/EU on the protection of animals used
for scientific purposes.

Considering the unconfident species
identification for diploid juveniles, the species
ratios were not compared between ages. The
overall triploid ratio between ages changed
drastically (9% among juveniles vs 1% among
adults), but insignificantly (p = 0.078). Via
DAPI-staining, we identified 5 juveniles (3
males, 2 females) and 2 adult males as triploids
with genome composition LLR. The other
form of triploids, LRR, was not found.

Table 1.

Species, sex, ploidy, and age of analyzed water frogs by years. Dash line denotes the absence of
correspondence age in some samples; zero denotes the forms which were not observed.

Form of water frog Year of sample

Ploidy Species Sex 2019 2020 2021
P lent Male — 43 47
. esculentus Female - 0 1
Diploid P. ridibundus Male — 0 3
(2n) ' Female - 1 12
Juveniles Male 18 - 10
(undefined species) Female 5 _ 18
Male - 2 0

o P. esculentus

Triploid Female - 0 0
(3n) Juveniles Male 2 — 1
(P. esclulentus) Female 2 — 0
Overall 27 46 92

Whereas the females were the largest
animals, no significant differences by SVL
among groups of adults were found. But
among diploid juveniles, males had a higher
snout-vent length (p = 0.004).
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Morphology and erythrocyte measuring
are the classical methods to distinguish hybrids
and triploids within them. But they appeared to
be reliable methods for adult frogs only, while
our data show that it fails while studying
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immature individuals. For example, among 8
juveniles, primary (morphologically)
identified as P. ridibundus, 2 revealed to be
triploid P. esculentus. Juveniles also
demonstrated a wider erythrocyte size range
(17.81-28.48 um for 2n; 20.23-32.01 um for
3n) than adults did (21.02-27.4 and 29.07-30.9
um, respectively) (Fig. 2). We found sig-
nificant differences by mean erythrocyte
length between ages, but only for diploids
(p<0.0001), while for triploids it was not

significant (possibly due to a small number of
triploids). Juveniles erythrocyte lengths also
differed between sexes (both among diploids,
p = 0.002, and all together p = 0.019, but not
among triploids).

All this would definitely make it hard to
predict the actual triploidy-margin erythrocyte
size for this population system if we used
juveniles only. For adults, this margin was
identified as 28 um; for other systems, it can
be different (e.g. 26 um [3]).
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Fig. 2. Distribution of analyzed individuals by mean erythrocyte size and sex (scatterplot), and
erythrocyte size distribution for each ploidy level (boxplots for each age group). Boxplots denote
median (central line), first and third quartiles (box hinges), and extreme values no more than
1.5xIQR from the box (whiskers). The horizontal dotted red line denotes “triploids margin”, defined
for adults in this system as ~28 pm.

DISCUSSION

Here we show the presence of triploid hybrid
water frogs P. esculentus in the Mozh river
basin for the first time. We suggest a set of
scenarios for a hypothetical explanation of this
phenomenon:

1) recent expansion of R-E-Ep region via
migration of water frogs (especially P.
esculentus, producing 2n-gametes) upstream
of Mozh river;

2) recent evolving of the ability to
produce 2n-gametes by the local P. esculentus
lineages;
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3) long time existence of triploid P.
esculentus in Tymchenky HPS unnoticed.

The third scenario seems to be the most
possible: all the previously studied samples
from the Mozh river basin were not numerous.
Considering the fact that the portion of
triploids in the Tymchenky pond was rather
small, they may simply not be found in
previous samples. Such a scenario implies the
possibility of existence (or regular emergence)
of triploids in other diploid systems (R-E-HPS)
at low amounts, previously undetected. The-
refore, other systems in the R-E region need
reinspection.
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Tymchenky system appeared to have
roughly the same portion of triploid hybrids as
two other already known systems in for
Siverskyi Donets center: Iskiv (49.6278,
36.2828) and Koriakiv pond (49.6159,
36.3114). These systems also contain a
massive portion of diploid hybrids with low
but regularly observed triploids (particularly
due to their long-term monitoring) [1; 10; 15].

Ratio of frogs with different ploidy in both
Koriakiv and Iskiv systems is similar to the
studied system in Tymchenky (chi-square
significance levels were p = 0.438 and p~1
respectively) (Fig. 3). However, those two
systems are known to contain LRR triploids
also, which indicates their principal distinc-
tiveness from Tymchenky HPS.
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Fig. 3. Portions of frogs with different ploidy in the Tymchenky system by ages, and in Iskiv
and Koriakiv systems.

CONCLUSION

Regarding all the data obtained since 2010, the
Tymchenky population system contains P.
ridibundus, diploid P. esculentus, and LLR-
triploid P. esculentus of both sexes — thus it
should be described as an R-E-Ep-HPS. The
presence of triploids is contrary to previous
data on this region [21] and may imply either
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rare triploid observation, migration of
triploids, or P. esculentus producing 2n-
gametes, or a newly evolved feature of local P.
esculentus reproduction. Further exploration
of the R-E system (particularly in the Mozh
River basin) is apparently perspective and
necessary for studying the Pelophylax
esculentus complex evolution.

samples during the 2019-2021 field seasons,
and Anastasia Kryvoltsevych for her assis-
tance in juveniles tissue obtaining in 2021.
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HEPIIA 3HAXIIKA TPI/IHJIO'I'ﬂJ-II/IX TFIBPUHUX KAB PELOPHYLAX ESCULENTUS (ANURA:
RANIDAE) B BACEHUHI PITYKHN MOXK (XAPKIBCBKA OBJI., YKPAIHA)

Hporsanenko M., [Tyctosanosa E., ®enoposa A., [1labanos JI.

Pelophylax esculentus — mixxumoBwuii ribpu o3eproi xabu P. ridibundus ta craBkoBoi xxabu P. lessonae. T'i6puau 3a-
3BHYAil MPEICTABJICHI AUIUIOIAHUMH 1 TPUILTOITHUMH (HOPMaMH, SIKi CIIBICHYIOTh 1 CXPELIYIOTHCSA 3 OAHHUM abo oOoMa
0aThKiBCHKMMH BUIaMH B TeMikJIoHanbHUX oy isiiinux cucremax (I'TIC). baceitn piuku CiBepebkuii JloHens BigoMuit
cBoimu pizHomaniTHUMH ['TIC i OyB onucanuii sik CiBepcbko-J{OHENBKUI LIEHTP PI3HOMAHITTS 3eJeHUX kad. Y Horo
Mexax OyJio omucaHo TpU cyOperioHn Ha ocHOBI ocoOnuBocted ckmany ['TIC (aumumoinni — R-E, 3 Tpuruoinamn — R-E-
Ep i R-Epf nuiue 3 rpurnioinaumu camkamu cepen riopuzis). Haseraicts Tpumutoigaux P. esculentus pawnimne 6ysa miar-
BepKCHA JINIIE U JBOX i3 TPHOX cyOperioHiB OaceitHy piuku CiBepcbkuil JloHeub, Tomi sk Tpetiid, R-E-cyOperion
(Burovarouu p. Moxx), BBaXKaBcsl HaCeJICHUM JIMILE JUILIOAaMu. B naHiit craTTi MM npeacTaBiisieMo pe3yiIbTaTH aHalizy
IUTOIAHOCTI Ta CKJIaay TeHOMY SIK JIOPOCTHX 3€JICHUX Kab, Tak i MOrOPIUKiB Y CTaBKy B C. TumueHKH (OaceiH p. MoK,
XapkiBcbka o0nacth, Ykpaina). Tpu BuGipku ka0 Oymm 3i0pani y Bepecni 2019, gepsni 2020 Ta cepri 2021 poky
(Bcvoro 109 mopociux ocoduH i 56 MooauX 0COOHH) Ta MpOaHaTi30BaHi 3a MOPGOIOTIUHUME OCOOIMBOCTSIMH, @ TAKOXK
3 BUKOPHUCTAHHSM METOJIIB IIUTOMETPIii EpUTPOIHTIB (CyXi Ma3KH), KapioJorii KICTKOBOTO MO3KY Ta ()IyOpEeCEHTHOTO
¢dapOyBanus (3a mormomorowo DAPI). Mu BusBHIM 2 TPUIUIOITHUX CaMIli Cepel JOPOCTHX 1 5 TPUIUIOINIB 000X cTrareit
cepell bOrOPivKiB. 3araJibHe CIiBBIAHOLIEHHS TPHUILIOIAIB 32 BIKOM Pi3K0 3MIHIOETHCS (9% cepen miporopiukiB npotu 1%
cepel mopociux), aine HesHauyine (p=0,078). Po3Mip epuTpOLKUTIB, 1110 BKa3y€e HA MEXKY MiX JTOPOCIMMH JH- i TPUILIOI-
namu, OyB BCTAaHOBJICHHH SIK 28 MKM JUIS i€l CHCTEMH; AJISl HbOTOPIUKIB Taka MeXa He € OUYEeBHAHONI. YCi TPUILIOiAn
Mmaiu cknaja reaomy LLR (To6to mBa renomu P. lessonae ta oxun rernom P. ridibundus). 3a Ginpurictio auruioimaux P.
esculentus Ta HasiBHICTIO TPUILIOINIB crcTeMa y TUMUYeHKax BUSBUANACS CX0K0r0 Ha jesiki inrmi I'TIC (cuctemu KopsikoBa
Ta [cpKOBa CTaBKIB) B iHIIUX CYOpeTiOHAX, SIKi XapaKTePU3YIOTHCS MIPUCYTHICTIO TPUILIOiAiB. HasBHICTh TPUILITOiNiB, BCY-
neped MonepeHiM JaHUM II[OJI0 BOTO PETIOHY, MOXE MOSICHIOBATUCH JICKUIbKOMa rinmote3amu: (1) piakicHI 3HAXITKH
TpUIIoiniB; (2) ix mirpamis uu mirparis P. esculentus, siki mpoxykyroTs 2n-rameT; (3) HOBa OCOOINBICTH PO3MHOKEHHS
P. esculentus, 110 BUHUKIIA HEIIOJABHO.

Kurouosi cnosa: Pelophylax esculentus, Pelophylax ridibundus, cemixronansna nonyasyitina cucmema, 2iopud,
mpunioio
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